The paper presents results of the laboratory tests made for the prototype resilient under sleeper pads in the Warsaw University of Technology laboratory unit. These pads are dedicated to reduce vibrations transmitted to the vicinity of the railroad and to improve the resistance of the railroad structure. The laboratory testing program was carried out for elastomeric materials (polyurethane and rubber based) due to the PN-EN 16730 standard. The obtained values of the key parameters were used in order to determine the insertion loss vibration level by applying analytical method. The paper presents the influence of selected parameters i.e. static and dynamic moduli on the reduction of vibration and structure-borne sound level.
INTRODUCTION
Under sleeper pads (USP) are used in ballasted track system to reduce the dynamic effects transferred from the rolling stock to the ballast. Vibrations are transferred through the rails, fastening system and finally through the rail supporting structure (sleepers or turnout bearers), where the USP can be installed.
USP are produced from elastomeric materials and have two variations due to the used material:
pads based on polyurethane (with closed or open pores) and rubber pads (blends of natural rubber and/or synthetic rubber). USP are fixed to the bottom surface of sleepers or turnout bearers. There are two possible cover arrangement of the USP: fully or partially in under rail section ( Fig. 1, 2) . USP installation takes place during the production process of the sleepers or turnout bearers by placing the pad on the bottom of the formwork before pouring concrete or on finished sleepers/turnout bearers by gluing the pad with fast hardening adhesive (i.e. epoxy glue).
Procedures for testing under sleeper pads are given in standard [2] , but it does not specify the required parameter values [3] .
STATIC AND DYNAMIC CHARACTERISTIC OF RESILIENT UNDER SLEEPER

PADS -LABORATORY TESTS
In the case of under sleeper pads used in railways, the dedicated European standard and the Polish standard transferring this European one -PN-EN 16730 [2] was introduced just in August 2016. Until then, neither Polish nor European norms existed and there were only the German Standards: DIN 45673-1 [4] and DIN 45673-6 [5] . All the substantial characteristics of resilient pads and procedures for researches due to PN-EN 16730 [2] Standard are presented in study [3] Static and dynamic bedding moduli determine effectiveness of dumping for the vibrations transmitted to the environment [6] . The range of the static and dynamic bedding moduli values for USP is very wide. These values depend on the material's type and structure, thickness of the pad, the actual load value and -for dynamic modulus -the actual load frequency.
LABORATORY TESTS ASSUMPTIONS
Under sleeper pads were tested in the research laboratory unit at the Warsaw University of Technology. Two types of USP were tested in accordance with the requirements of the PN-EN 16730
Standard [2] : PUR7 -polyurethane-based pads with a thickness of 7 mm (Fig. 3 ), RUB7 and RUB9 -rubber-based pads with a thickness of 7 mm and 9 mm (Fig. 4) . 
STATIC BEDDING MODULUS TESTS RESULTS
Static bedding modulus affects the rail vertical deflection under the load of not moving rolling stock.
It also affects the vertical deflection of railway track in floating slab track system. The relationship between static bedding modulus and the applied force is non-linear. The static bedding modulus is determined within different ranges of loads depending on the application purpose of resilient pads 
DYNAMIC BEDDING MODULUS TESTS RESULTS
Dynamic bedding modulus characterizes pad's work under the pressure of moving rolling stock, therefore, it determines limitation of vibrations' transmission. The value of dynamic bedding modulus is related not only to loading force, as in static bedding modulus, but also to load frequencies.
Therefore, it should be determined under the standard pressure and frequency ranges. 
PN-EN 16730
DYNAMIC STIFFENING RATIO (STIFFENING COEFFICIENT) TESTS RESULTS
Dynamic
MECHANICAL MODEL OF BALLAST RAILWAY TRACK
Discrete mechanical model of a ballast railway track is shown in Fig. 14. Such a model being partially analysed in [7] is also presented in Standard [8] for calculation of insertion loss. The state-space formulation of differential equations representing this model is given in [9] applying the algorithm of eigenvalue problem solution described in [10] . In this section there are demonstrated selected dynamic characteristics of the system retrofitted with viscoelastic fractional model of USP (Fig. 14b) . Selected features of the system with USP are visualized by comparing to the reference system without USP shown in Fig. 14a . In case of isolated system, an additional layer is considered representing under sleeper pad. Fig. 14c gives simple spring element. Using rheological models containing dashpot elements allows better approximation of experimental results for various engineering materials (see [11] ).
Rheological viscoelastic model of USP is shown in
Based on laboratory results presented in previous section, rheological parameters of three types of USP can be evaluated. The results of a curve fitting procedure are presented in Table 8 and depicted
in Fig. 15 . The curve fitting procedure is based on evaluation of dynamic stiffness moduli being the absolute value of the complex stiffness USP k . It should be emphasized that the values of bedding moduli evaluated based on the curve fitting procedure (Fig. 15) are divided by the area of the sample (250×250 mm) in order to obtain stiffness moduli shown in Table 8 .
The complex stiffness of the USP model USP k and of entire isolated system vib k can be defined as follows [12] (4a)
Moreover, it is possible to define complex transfer functions for both reference system The results of calculation for both reference system as well as vibro-isolated systems retrofitted with USP are visualized in Fig. 16 . Horizontal axis used in Fig. 16 represents centre frequencies of 1/3 octave bands. The plots depicted in Fig. 16 indicate a region of vibration-isolation effectiveness where 0 dB IL ! . In case of PUR7 and RUB9, the verge of vibration-isolation effectiveness equals 13 Hz while for RUB7 it starts from 17.5 Hz .
Such diagrams are presented in many papers [13, 14, 15, 16] for various mechanical models representing railway track systems with vibroacoustic isolators.
CONCLUSIONS
The static bedding modulus, dynamic bedding modulus and dynamic stiffening ratio were investigated at the Warsaw University of Technology laboratory unit due to PN-EN 16730 Standard. The testing stand with dedicated instrumentation was designed and constructed. The internal detailed procedure for testing was prepared and verified. The obtained results were used in analysis to determine the insertion loss vibration level. The influence of selected parameters (i.e. static and dynamic bedding moduli) on the reduction of vibration and structure-borne sound level (i.e. the value of insertion loss parameters) was confirmed.
In case of USP with static bedding modulus approx. 0.050 3 N/mm and dynamic stiffening ratio ≤ 2.0 (PUR7 and RUB9), the verge of vibration-isolation effectiveness equals approx. 13 Hz while for USP possessing static bedding modulus approx. 0.100 3 N/mm and dynamic stiffening ratio ≤ 2.0 (RUB7) it starts from approx.17.5 Hz . The research used samples of USP pads, tested by force method. The USP samples turned out to be very soft, hence a significant region of vibration-isolation effectiveness (IL> 0) can be observed (see Fig. 16 ).
The subsequent work also takes into account the results of USP testing by using displacement method (the procedure involves static preloading). . GBP plate used to tested USP pads in laboratory stand at the Warsaw University of Technology (side view) Rys. 6. Geometryczna płyta dociskowa (GBP) użyta do badania podkładek USP na stanowisku laboratoryjnym na Politechnice Warszawskiej (widok z boku) Fig. 7 . GBP plate used to tested USP pads in laboratory stand at the Warsaw University of Technology (top view) Rys. 7. Geometryczna płyta dociskowa (GBP) użyta do badania podkładek USP na stanowisku laboratoryjnym na Politechnice Warszawskiej (widok z góry) 
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